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6.1 INTRODUCTION 
 
The utilization of any kind of fibres in cement and concrete has been developed for several decades 
before. Many researches had been carried out on the incorporation of various kinds of fibres such as 
steel, polymer, glass, asbestos, carbon and wood fibres in cement matrix and most of the study 
revealed that the presence of fibres in cement matrix improves flexural strength, crack control, 
fracture toughness, resistance to fatigue, impact, and thermal shock, and resistance to moisture, fire, 
fungi and insect [1].  
 
 Oil palm fibre is one of the cellulosic materials available in Malaysia which has yet to be used 
commercially elsewhere. In this study, the manufacturing of cement board using the EFB fibre was 
carried out. 
 
BACKGROUND AND STATEMENT OF PROBLEM 
 
In Malaysia, the total availability of oil palm fibres in the form of fronds, trunks and EFB for the year 
1995 and 2000 are 25.64, 23.35 and 28.37 million tones, respectively. Unfortunately, these large 
amounts of lignocellulosea are currently commercially underutilised [2]. Nowadays, the oil palm 
industries are keen to convert the by-product and residues into fibre-based value-added products. 
Thus, this study was implemented to turn this oil palm residue into value-added product.  
 
SIGNIFICANCE OF THE STUDY 
 
The advantages of using this oil palm fibre EFB as reinforcement in cement board are: 
 Provides additional reinforcement material that can improve the brittle fracture of cement matrix. 
 The density of cement board is less than 1500kg/m3 – easy to handle.  
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 By using this oil palm residue, which is discarded during replanting in oil palm plantation, a raw 
material is used to produce a value-added cement composite material.  
 
6.2 LITERATURE STUDY 
 
DEFINITIONS OF FIBRE REINFORCED CEMENT COMPOSITE 
 
The International Organisation for Standardisation Technical Committee ISO/TC 77 defined that 
“Wood-fibre reinforced cement board consist of essentially of a mixture of wood fibres and Portland 
cement (or other cements with equivalent properties) to which other fibres, fillers and/or pigments 
may be added” [5]. Under this definition, sand is used as fillers. It is obviously that the fibre cement 
composite reviewed in this study uses short discrete fibres.  Also, other definition of composite is a 
material made up of matrix material containing reinforcing fibres [1].  In this study, Portland cement 
is used as the matrix and oil palm fibres which are obtained from discarded oil palm tree, are used as 
reinforcing fibres.   
 
Fibre Reinforced Concrete is a concrete made of hydraulic cements containing fine or fine and 
coarse aggregate and discontinuous discrete fibres [6]. By incorporating fibres into cement matrix, 
some reinforcement is provided for the concrete products through interlocking of the fibres in the 
cement matrix [1]. The oil palm fibre cement board discussed throughout this study could generally 
be defined as a board consisting of a mixture of oil palm fibres in cement matrix manufactured. The 
main objectives of adding the oil palm fibres are to improve the strength properties of cement, control 
cracking and change the flow characteristics of the material in the fresh state.  This is due to the fact 
that cement, mortar or concrete possess inferior tensile strength and are brittle, even though they are 
cheap, durable and have acceptable compressive strength and stiffness [1]. The presence of randomly 
mixed fibres in cement matrix will form an interlocking system among the fibres and thus provide 
additional tensile, flexural strength and fracture toughness for the products. 
 
OIL PALM FIBRE EMPTY FRUIT BUNCH 
 
The definition of EFB given by MS 1408:1997 is the resulting material after the separation of fruits 
from the fresh fruit bunch.  Meanwhile, EFB fibres shall mean the fibre strands derived from the stalk 
and spikelets of whole empty fruit bunch using any separation technique [3]. The availability of EFB 
in Malaysia is presented  in Table 6.1. The specifications of EFB fibre that were used was in 
accordance to MS1408:1997 [3] 
 
Table 6.1: Oil palm EFB supply outlooks in malaysia from 1996 to 2020 [7] 
Year EFB (million 
tonnes/year, dry 
weight) 
1996 3.08 
1997-2000 2.99 
2001-2003 2.87 
2004-2006 2.86 
2007-2010 2.82 
2011-2013 2.83 
2014-2016 2.91 
2017-2020 2.86 
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6.3  METHODOLOGY 
 
TRIAL MIX DESIGN 
 
Trial mixes were done for the selection of the appropriate proportion of materials to produce the 
required cement board. The ratio of cement from the total weight was fixed to 50% and the water-
cement ratio was 0.85. The ratios for fibre and sand were 1) 15:5, and 2) 5:15. The desired physical of 
the boards were not achieved due to the brittleness of the board. The failure of the boards was due to 
the length of the fibres which were too short that causing the boards lack in strength.  Therefore, for 
the next step to produce the desired board, the length of the fibres should be longer than the initial 
length.   The decision is to use the fibre with the length of 10mm to 30mm which is appropriate to 
make the board.  
         
PREPARATION OF MATERIALS 
 
In this study, the materials that were used include: 
1.EFB fibre – treated with Sodium Hydroxide 
2.Cement – OPC 
3.Sa nd 
4.Water 
5.Mould - 310mm x 310mm x 16mm 
 
BOARD MANUFACTURE 
 
Before mixing process is done, the fibres were separated from each other first to make sure that all of 
the surface area of fibres could be mixed with the mixing materials. The mixing process was done by 
combining the EFB, sand and cement in the appropriate amount first, then, blends them in 30 seconds. 
The appropriate amounts of water were added until the mixture is really wet, and continue the mixing 
process between 2 to 3 minutes until the mixture was properly mixed.  After the materials have been 
prepared, they were laid into and even and consistent mat to be pressed into a panel.  This can be 
accomplished by putting the mixture into the form mould (deckle frame) which is placed on the tray.  
After the formation, the mat was pre-pressed prior to cold pressing for 10 minutes to produce the 
cement board.  The purposes of pre-pressing process are reduces the mat height and helps to 
consolidate the mat for pressing.Table 6.2 shows six series of variables were carried out where each 
series produced 3 boards which has made the total boards = 18. 
 
Table 6.2: Six series of variable to be tested 
 
   Variables    
 Cement + Fibre + Sand + Water No.of 
boards 
1 50  5  15   3 
2 50  7  13   3 
3 50  10  10   3 
4 50  13  7   3 
5 50  15  5   3 
6 50  20  0   3 
(control) 
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BOARD TESTING 
 
a) Dimension of Samples 
 
To carry out the test, the board will be cut into several pieces according to Figure 6.1. 
 
 
Figure 6.1: The cut of the board for exposure test pieces [4]. 
 
 
b)  Testing of Cement Board Produced by Using Oil Palm EFB Fibre 
 
The performances of cement board were determined by conducting several tests, which were bending 
strength (MOR&MOE), tensile strength, thickness swelling, increase in length and water absorption 
(WA) after specific durations of exposure (refer Table 6.3).  These tests were implemented in 
accordance to MS 934:1986. 
 
Table 6.3:  Standard Values of Tests 
 
MOR 
(MN/m2) 
MOE 
(MN/m2) 
TS 
(%) 
Increase in 
length (%) 
WA 
(%) 
Tensile strength 
(MN/m2) 
9 3000 2 2 60** 0.5 
*MS934:1997[4]  **Industrial requirement[8] 
 
 
6.4   ANALYSIS AND DISCUSSION  
 
Table 6.3 and 6.4 summarize the mean of tests results and SPSS analysis. 
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Table 6.3: Mean of Tests Results 
Ratio 
Density 
(kg/m3) 
MOR 
(MN/m2) 
MOE 
(MN/m2) 
TS 
(%) 
WA 
(%) 
Tensile 
Str 
(MN/m2) 
5:15 1552.38 4.00 3955.87* .73* 13.49* 0.868 
7:13 1286.90** 3.95 2678.11 .82* 19.13* 0.63* 
10:10 1069.36** 3.18 2105.12 .83* 25.48* 0.64* 
13:7 1013.73** 2.28 915.51 1.18* 31.92* 0.66* 
15:5 926.44** 3.10 1166.84 1.28* 35.19* 0.65* 
20:0 784.16** 2.19 1079.05 1.75* 51.34* 0.73* 
*Achieved the standard       **Achieved target density 
 
Table 6.4: Least Significant Difference (LSD) Test 
Ratio* MOR MOE WA 
Tensile 
Strength 
5:15 0.009* 0.000* 0.000* 0.002* 
7:13 0.011* 0.010* 0.000* 0.009* 
10:10 n.s 0.007* 0.000* 0.002* 
13:7 0.013* 0.000* 0.000* 0.028* 
15:5 n.s 0.000* 0.000* 0.029* 
20:0 0.009* 0.000* 0.000* n.s 
*Significant at α = 0.05 [9] 
  n.s = not significant 
 
MOR and MOE 
 
Figure 6.2 and 6.3 show graphs for MOR and MOE cement board produced by using of oil palm EFB 
fibre. The values of MOR and MOE are decreased with the increasing quantity of EFB fibre. 
However, the MOR values are generally in the same average level, while the MOE values are 
obviously decreased with the increasing of quantity of fibres. The optimum MOR value is in 5:15 
fibre-sand ratio which is 4.00MN/m2, while the optimum value of MOE is 3955.87MN/m2 which is 
still at 5:15 fibre-sand ratio. The boards did not satisfy MS934 for MOR, and only 5:15 fibre-sand 
ratio satisfied MS for MOE.  
 
The high MOE value means the material is rigid, while the low MOE value means that the 
material is easy to bend. According to Joszef and Benjamin [10], MOE and MOR are influenced by 
particle size, which means the surfaces area of particles play the important role in determining the 
MOE and MOR strength.  Therefore, the size of fibre that should be used in this study is between 10 
to 30mm.  However, due to certain causes like inappropriate cutting machine which forced the fibre to 
be cut manually by knife, the required particle size for some proportions of fibres was not achieved (> 
30mm). Thus, the MOE values targeted were not achieved, and they seemed that the more fibre 
incorporated in the board, the board became lack in strength. The use of much bigger particle size will 
decrease the mechanical properties and water absorption of composite board [11]. In addition, the 
distribution of mixture should be even and uniform.  Improper mixing process will cause the density 
at the board not uniform and therefore, the strength of cement board will not be uniformed at each 
part.  
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From LSD test (Table 6.4), there were a significance difference between fibre-sand ratio of 
5:15, 7:13 and 13:7 and MOR, which by means that these ratios have the effect on MOR. The 
optimum ratio suggested is 13:7 since it utilized more fibre than others. Besides that, there were also a 
significance difference between all ratios and MOE. However, the optimum ratio suggested here is 
13:7 or 15:5. 
 
 
Figure 6.2: MOR of EFB fibre cement board 
 
 
Figure 6.3: MOE of EFB fibre cement board 
 
THICKNESS SWELLING AND WATER ABSORPTION  
 
Figure 6.4 and 6.5 show the graphs of thickness swelling and water absorption test (WA) of EFB fibre 
cement board. It could be seen that the values of TS fall under the Malaysian Standard value of 
swelling which is 2%. From the results, both TS and WA values were increase with the increasing 
quantity of EFB fibres. The optimum value of thickness swelling is 1.75% which is in fibre-sand ratio 
of 20:0, while the optimum WA ratio is 51.34% which the fibre-sand ratio is 20:0 too.  Therefore, the 
more EFB fibres incorporated into the fibre-sand ratio lead to the more the absorption of water value.  
 
The increase in dimensional stability of EFB fibre cement boards were caused by the bulking 
effect of the more fibre added.  For Water Absorption, in general, the more value of water absorption, 
the more value of thickness swelling.  This could be seen in Figure 6.6, which shows the relationship 
between Water Absorption and Thickness Swelling. The relationship is proved statistically by using 
Linear Regression, where there exists a positive correlation between TS and WA. The minimum 
industrial requirement for Thickness Swelling should not be less than 16%, while for Water 
Absorption is 60% [12].  Therefore, all cement boards produced from this study satisfied the 
industrial requirement for TS and WA.   
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From LSD test (Table 6.4), there was a significance difference between fibre-sand ratio of 
WA, which by means that these ratios significantly effect the WA. The optimum ratio suggested is 
either 13:7 or 15:5 since they utilized more fibre. 
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Figure 6.4: Thickness Swelling of EFB fibre cement board 
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 Figure 6.5: Water Absorption of EFB fibre cement board 
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Figure 6.6: Relationship of TS and WA 
 
TENSILE STRENGTH 
 
The graph tensile strength of cement board produced by using EFB fibre is shown in Figure 6.7. It 
could be seen that the tensile strength values of cement board produced by using EFB fibre satisfied 
the MS 934:1986 standard which is 0.5MN/m2. The optimum tensile strength achieved is 0.86MN/m2, 
which the fibre-sand ratio is 5:15. The Natrium Hydroxide (NaOH) or soda pretreatment was effective 
in reducing residual oil content, and thus enhanced the bond between fibre, sand and cement. The 
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strength exist in the board results with the required Tensile Strength. 
 
From LSD test (Table 6.4), there were a significance difference between fibre-sand ratio at all 
ratios and Tensile Strength, which by means that these ratios significantly effect the Tensile Strength. 
The optimum ratio suggested are either 13:7 or 15:5 since they utilized more fibre 
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Figure 6.7: Tensile Strength of EFB fibre cement board 
 
DENSITY 
 
The density of cement board produced by using oil palm EFB fibre. Roughly, the density of the 
boards obtained from this study has fulfilled the targeted density which is less than 1500kg/m3. 
However, the density of 5:15 (fibre-sand) ratio is beyond the target which the value is 1552kg/m3. 
Some previous study indicated that the mechanical properties of composite board were influenced by 
its density [13] However, it does not influence the stability of the product [14]. Ishak [15], also stated 
that the MOE value is increase with the increase of density.   
 
From results of Linear Regression statistical analysis, a strong positive correlation exists 
between Density and MOE [16]. This means that the denser the board, produce the more MOE for the 
board.  From the analysis, the density predicts MOE, which means the density of cement board 
influence the MOE value. The relationship between MOE and density of cement board for this study 
is given in Figure 6.8. 
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Figure 6.8: Relationship of Density and MOE 
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6.5  CONCLUSION AND RECOMMENDATIONS 
 
In conclusion, the study showed that it is possible to produce cement board by using oil palm EFB 
fibre. The use of oil palm EFB, however, is still subject to studies the optimum condition so as to 
improve the board properties. Further work is necessary to assess the physical and mechanical 
properties of the panel product and to determine the suitable operating parameters for the 
manufacturing process. Hopefully, the study will be continued and widen in the future considering the 
most appropriate methods and techniques; and to-date technology to produce the cement board with 
the best quality,  economic and satisfy the standard. 
 
The density of cement board produced from this study is below 1500kg/m3, except for fibre-sand ratio 
of 5:15. The optimum fibre-sand ratio suggested from this study is 13:7, which strictly significant 
with the tests implemented by using LSD from Univariate ANOVA of SPSS analysis.  
The cement board produced from this study is suitable for internal application such as partition walls 
and others. This suggestion is made considering the properties of the boards from the tests. The lack 
of MOR and MOE values causing the product not suitable to be used for load bearing applications. 
 
Several recommendations have been made for the use of future studies, which are: 
 
i. The mixing process should be done thoroughly for all the materials. Mixing with vibrator 
should be considered. 
ii. The EFB fibre should be boiling in hot water because some previous research had identified 
that the strength of board  where the fibres were boilt in hot water was significantly higher if 
compared to treatment with sodium hydroxide [17]. 
iii. Include admixtures to increase the strength properties. 
iv. Other purpose product with greater thickness that incorporate EFB fibre should be consider to 
be developed because the greater thickness of product consists of EFB could produce greater 
strength. 
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